Learning from past experience is central to an organization's adaptation and survival. A key dimension of prior experience is whether the outcome was successful or unsuccessful. While empirical studies have investigated the effects of success and failure in organizational learning, to date the phenomenon has received little attention at the individual level. Drawing on attribution theory in psychology, we investigate how individuals learn from both failure and success from their own past experience as well as the experience of others. For our empirical analyses we use ten years of data from 71 cardiothoracic surgeons who completed over 6,500 procedures using a new technology for cardiac surgery. We find that individuals learn more from their own successes than from their own failures, while they learn more from the failures of others than they do from others' successes. We also find that individuals' prior successes and others' failures can help individuals to overcome their inability to learn from their own failures. Together, these findings offer both theoretical and practical insights into how individuals learn directly from their prior experience and indirectly from the experience of others.
Introduction
Failure is simply the opportunity to begin again, this time more intelligently. -Henry Ford
It's fine to celebrate success but it is more important to heed the lessons of failure. -Bill Gates
The importance of failure in the learning process is well recognized by conventional wisdom as well as the academic literature (Lapré and Nembhard 2010; Edmondson 2011) . Several studies in the organizational learning literature have proposed or demonstrated that failure is central to both adaptation and change (Chuang and Baum 2003; Baum and Dahlin 2007; Madsen and Desai 2010) . Failure is considered beneficial to learning since it draws attention to potential or real problems, and it stimulates the search for new strategies or approaches rather than the reinforcement of existing ones (Baum and Dahlin 2007; Chuang and Baum, 2003) . Although insightful, to date, this literature has primarily focused on why organizations fail to learn and what strategies they can develop to effectively learn from failure over time (Haunschild and Sullivan 2002; Madsen and Desai 2010) . However, scholars and managers alike increasingly recognize that learning at the individual level is central to the understanding of organizational learning (Crossan, Lane, and White 1999; Argote and Miron-Spektor 2011; Staats and Gino 2012) . Despite its importance for organizational learning, the question of how individual workers learn from failure, as compared to success, has received little empirical attention.
Drawing on attribution theory in psychology (Ross and Nisbett 1991; Gilbert and Malone 1995) , in this paper we investigate how individuals learn from both failure and success. We focus not only on individuals' own past experiences, but we also consider the experiences of others and how they affect individuals' own learning (Levitt and March 1988; Huber 1991; Miner and Haunschild 1995) . Through failure, an individual can learn what does not work, and then develop and try a new approach in order to increase her likelihood of reaching a successful outcome in the future (Sitkin 1992; March and Simon 1993; Cannon and Edmondson 2005) . Whether an individual's past experience resulted in a success or a failure is an important predictor of future performance, because each type of experience may result in varied levels of willingness for the individual to engage in different improvement activities. Prior research argues that success leads to local search -the refining of previous actions, while failure leads to non-local search -more substantial deviation from prior choices (Audia and Goncalo 2007; Baum and Dahlin 2007; Lapré and Nembhard 2010) . This difference in how past experience is processed has led to theoretical work on the greater potential benefits that may arise from failure rather than success. While empirical work supports this view at the organizational level (Madsen and Desai 2010) , the same may not be the case for individuals. Individuals, in fact, may interpret their prior experiences differently than do organizations.
While failure may be an important source of information for learning, we propose that individuals do not rely on it as much as they rely on success, when evaluating their own prior experience. We base this prediction on attribution theory, a psychological theory which suggests that individuals tend to attribute their failures to external factors (thus not recognizing their role in the failure) and their successes to internal factors (e.g., their ability or skills) (Ross and Nisbett 1991; Gilbert and Malone 1995) . When individuals fail, they are likely to view their own performance deficit not as the result of personal actions or abilities, but rather as the result of situational factors beyond their control. As a result of these biased attributions, individuals are likely to fail to learn as much from their own failures as they do from their own successes.
Prior research on individual learning found that people not only learn from their own experience, but also learn from the experience of other individuals (e.g., Gino et al. 2010) . Attribution theory suggests that the way people interpret success and failure will differ when they evaluate the actions of others, as compared to their own actions. In this case, individuals tend to attribute the failure of others to internal factors (i.e., these others' actions and abilities), and the successes of others to external factors (i.e., situational forces beyond their control). Thus, we propose that, in this case, individuals are more likely to learn from others' failures rather than others' successes since individuals will be more likely to change their approach to learning and also glean more knowledge from the former, but not the latter. Therefore, by drawing on attribution theory, we examine individual performance as a result of not only the individual's own success and failure, but also the success and failure of others within the same organization.
While attribution theory suggests that individuals may learn less from their own failures than they do from their own successes, we also wish to examine whether certain types of prior experience may help to counteract this effect. To investigate this question, we explore the potential complementary relationship between an individual's prior successful experience and the individual's prior failure experience. Prior successful experiences may change an individual's willingness and ability to recognize his or her own responsibility in a failure. Additionally, the experiences of others may also improve the individual's ability to process knowledge from a personal failure. Thus, we also explore whether individual prior successful experience and the prior failure experience of others within the organization each interact with individual failure experience to increase the rate of learning.
We test our predictions by using a unique dataset on 71 cardiothoracic surgeons who over ten years complete more than 6,500 procedures in a new process technology within healthcare: minimally invasive cardiac surgery (Friedrich, Bonatti, and Dapunt 1997) . The setting offers several benefits for our study. First, while our measure of failure is absolute -patient mortality -the cause of failure is often relative given the complex individual (e.g., surgeon) and situational (e.g., patient severity) factors that lead to an outcome, thus providing a context where attributions can focus on either internal or external factors. Second, hospitals have codified processes, such as inquiry boards, that investigate how and why failure occurred. Thus, other surgeons have the possibility, but not the requirement, to learn from each other's failures. Third, studies of learning in organizations often examine existing processes that have been completed many times before. Our dataset begins close to the rollout of the new procedure and so we are able to capture most surgeons' entire learning curves in our market.
By investigating whether individuals learn from their own successes and failures and from those of others, and by examining the moderating conditions that affect these relationships, our research makes several theoretical contributions to research in organizational behavior, healthcare, and operations management. First, we identify whether an individual's successful experience is more significantly related to current performance improvement than an individual's failure experience. Second, we find that the failure experience of others has a greater positive effect for an individual's current performance than does the successful experience of others. Third, we find that individual prior failures and individual prior successes have a complementary (i.e., positive) effect on individual current performance. In other words, the rate of learning from individual failure is increasing in an individual's volume of prior successful experience. Finally, we also find that individual prior failures and others' prior failures have a complementary (i.e., positive) effect on individual performance. That is, the rate of learning from individual failure is increasing in the volume of prior failure experienced by others within the same organization. Together, our results advance our understanding of individual learning by drawing on research in psychology on attribution theory.
The findings of this paper also have notable implications for managerial and healthcare policy.
First, the potential of a lower rate of learning in this context from individuals is troubling. In order to prevent future mistakes and continue the learning process it would be valuable for surgeons to draw appropriate lessons from patient mortality. Given the risks to an individual's career this may be difficult to do in all settings, and perhaps particularly difficult in healthcare given the potential for legal liability.
While systems appear to be generating enough knowledge for others to learn from an individuals' failure, it may be necessary to do more so that an individual can learn from her own failures (Edmondson 1996; Edmondson 1999) . Our results suggest that individuals may need to view success and failure as equal opportunities for learning. In addition, our results indicate that the past experiences of others, in addition to those of oneself, can contribute to one's own attempts to improve. Importantly, our results also indicate that the prior successful experience an individual has accumulated can help the person overcome resistance to learn from failure, possibly because the person's perceived efficacy is not questioned.
Organizations may need to find other ways to make their members feel capable and interpret failures in ways that encourage optimal risk-taking. In this way, individuals are more likely to start learning from their failures early on.
Hypothesis Development
As competition grows more global and more knowledge-based, learning in organizations is a key factor that can serve as a competitive differentiator (Stata 1989; Teece, Pisano, and Shuen 1997; Drucker 1999) .
A large body of research has explored how and when different entities learn (Argote 1999; Lapré and Nembhard 2010; Lapré 2011) . Prior research notes that learning can occur at various levels: individuals (Newell and Rosenbloom 1981; Narayanan, Balasubramanian, and Swaminathan 2009; Staats and Gino 2012) , teams (Pisano, Bohmer, and Edmondson 2001; Reagans, Argote, and Brooks 2005) , and organizations (Argote, Beckman, and Epple 1990; Lapré and van Wassenhove 2001) . In addition, learning can occur not only from one's own actions (direct experience), but also from the experience of others (indirect experience) (Levitt and March 1988; Huber 1991; Miner and Haunschild 1995) . Empirical work supports this claim, finding that knowledge can be transferred, in part, across and within organizations (Argote et al. 1990; Darr, Argote, and Epple 1995; Epple, Argote, and Murphy 1996; Ingram and Roberts 2000) . However, while this body of research finds evidence for individual learning from both direct and indirect experience, until recently, it did not examine differential learning based on a successful or failed outcome.
Traditionally, the majority of studies of learning in organizations either did not distinguish between success and failure or implicitly focused on learning from successful past experience (Argote 1999; Lapré and Nembhard 2010) . However, more recently, empirical work has started investigating learning from failure and found that organizations do engage in it (Haunschild and Sullivan 2002; Chuang and Baum 2003; Haunschild and Mooweon 2004) . At the organizational level, research has shown that organizations learn from both the failures and near failures of other firms (Kim and Miner 2007) and that such learning positively impacts their survival rates (Chuang and Baum 2003; Ingram and Baum 1997) .
Previous studies also compared the learning gained from success to the learning gained from failure at the organizational level and found mixed results (Lapré and Nembhard 2010) . In some cases, learning from success had a stronger effect than learning from failure (Baum and Dahlin 2007) , while in others the effects of learning from failure dominated (Li and Rajagopalan 1997; Madsen and Desai 2010) .
Learning in organizations refers to the improvement of performance "through better knowledge and understanding" (Edmondson 2002: 128) . While studies of learning in organizations often focus on the cumulative volume of the organization as a means to measure an organization's knowledge, it is through the actions and interactions of individuals that such knowledge is captured, adapted, and applied (Argote and Ingram 2000) . As work grows more specialized and is divided into smaller tasks, the role of individuals in understanding organizational learning increases in importance (Argote and Miron-Spektor 2011; Malone, Laubacher, and Johns 2011; Chan, Li, and Pierce 2012; Staats and Gino 2012) . By focusing on individuals, thus, we can gain a more nuanced understanding of how success and failure lead to performance improvement, or performance degradation, in organizations.
As noted by Madsen and Desai (2010) , prior success and prior failure may have differential effects on both the motivation to learn as well as the knowledge acquired to enable learning. With respect to the former, when individuals complete a task, they have some view of satisfactory performance -often referred to as a goal or an aspiration (Locke and Bryan 1967; Greve 1998) . If performance meets or exceeds the stated goal, then they are likely to continue on the same course of action. On the other hand, if performance falls below the standard ("failure"), then the individual may be more motivated to learn and identify the cause of the failure (Cyert and March 1963; Locke et al. 1981; March and Simon 1993) .
The effects of success may even be more insidious for motivation since when an individual is successful there is an increased likelihood of overconfidence, which may further remove the motivation to learn (Moore and Healy 2008; Gino and Pisano 2011) .
Success and failure may also affect the knowledge that is (or is not) acquired from experience.
The behavioral theory of the firm posits that individuals in organizations respond with different actions after success and failure (Cyert and March 1963; March and Simon 1993; Gavetti, Levinthal, and Ocasio 2007) . After a success, individuals are likely to engage in local search, contingent on the fact that they engage in any additional search. Since the prior experience was successful, an individual is more likely to conclude that she has the appropriate knowledge at hand and understands the situation. Therefore, rather than revisiting her existing assumptions, beliefs, and schema the individual is likely to refine them (Piaget 1963; Weick 1984; March 1991; Lant 1992 ).
On the other hand, after failure the view is that individual decision makers will not only engage in search, but they will engage in a different kind of search. First, after failure individuals may look for information in different places than they otherwise would. This could involve both increased breadth of search (e.g., books or new experts) as well as increased depth of search (more time with each source).
Second, failure may change the way that people process information. Failure reveals that existing ways of operating are no longer sufficient or appropriate, that prior assumptions are incorrect (Sitkin 1992) . Thus, individuals may be more willing to engage in reflection that can improve learning (Argyris and Schön 1978) . Further, in opening oneself to the idea that the prior schema was flawed an individual may consult information previously thought irrelevant (or at least unnecessary) and in doing so create new and potentially improved beliefs that will positively affect future performance (Piaget 1963) .
While the prior arguments point towards a stronger effect for learning from failure, as compared to learning from success, attribution theory suggests that at the individual level, learning from failure may not be quite so straightforward. Research in psychology has suggested that people strive to understand their own prior experience as well as the prior experience of others by making attributions about events (Heider 1958; Wong and Weiner 1981) . For many decades now, social psychologists have investigated how people make such attributions when they form judgments of others and of themselves (Lewin 1931; Katz and Kahn 1966) . For example, an individual may read about a student's performance on a test and then judge the person knowledge and ability, and decide whether he should be admitted to a quizbowl team (Moore et al. 2010) . In this case, the individual is making inferences about the student based on knowledge provided to the individual, such as the student's answers on the test and the average score of other students who took the test. These inferences require accurate attributions of the cause and effect relationships that led to the outcome. For instance, the student may have a low score on the test since he was able to answer only 2 answers correctly out of ten. However, before concluding that the student is not very knowledgeable, the individual making the judgment should consider the difficulty of the test, and how it impacted the ability of the student to answer the questions he had received. While outcomes are jointly determined by both the choices of an individual and the situation the individual is acting in, numerous studies indicate that people often do not weight these factors appropriately (Jones and Davis 1965; Kelley 1967) . For example, while low lighting on a basketball court increases the difficulty in making a shot, a study found that randomly assigned shooters to a less well lit court were judged less capable than shooters assigned to a well-lit court (Ross, Amabile, and Steinmetz 1977) . In a more extreme version of the same phenomenon, when an individual read a randomly assigned speech that did not necessarily reflect her opinions on a given topic (e.g., prolife vs. prochoice), observers were more likely to attribute the views heard to the reader, even though the reader was randomly assigned the speech to read (Jones and Harris 1967) . Going back to our initial example, even when people are provided with full information about the situation (e.g., average score on the test and standard deviation), they still make biased attributions of the student's ability (Moore et al. 2010 ).
Furthermore, psychological research on attribution finds that people incorrectly weight the individual and situational effects on behavior in systematic ways based on whether they are evaluating themselves or someone else (Heider 1958) . In particular, when individuals assess their own performance, they are likely to overweight situational forces and underweight individual forces; but when they assess others' performance, they do just the opposite: they tend to underweight situational forces and overweight individual ones (Gilbert and Malone 1995) . This phenomenon is so robust that it has been named the "fundamental attribution error" (Ross 1977) .
Learning from experience requires drawing the correct lessons from the prior outcomes that one or others have obtained. Since prior outcomes are a joint combination of individual and situational effects, we propose that attribution theory plays an important role in understanding the relationship between past failure and subsequent learning. While failure may create motivational reasons to learn as well as changes in how the learning process takes place, attribution theory suggests that the inferences drawn from failure may be significantly different based on whether an individual is assessing his own failure as compared to the failure of someone else. Individuals' decisions are commonly driven by self-enhancement motives (Taylor and Brown 1988; Dunning 1999) , and these motives influence how they interpret their own past behavior as well as that of others.
Regarding the interpretation of their own behavior, self-enhancement motives lead people to be more likely to accept successful outcomes or information that confirms their positive self-views rather than failure outcomes or information that signals negative attributes about them (Sedikides 1993) . In fact, people seek knowledge about themselves in ways designed to yield flattering results (Sedikides 1993 ).
For instance, in one study, after a self-reflection exercise on personality attributes, people preferred to ask highly diagnostic questions of themselves (e.g., would I offer to help an elderly neighbor paint his/her house?) when the personality trait in question was positive and desirable (e.g., kind, trustworthy) rather than negative (e.g., gossipy, greedy), and they were also likely to affirm possessing positive traits and to deny possessing negative ones. Thus, when evaluating one's own failure, if an individual is more likely to rely on situational explanations as compared to internal explanations as suggested by attribution research and is motivated by self-enhancement, then much of the potential for learning may dissipate. Rather than seeing failure as a motivator, the failure may be explained away as a result of a difficult situation in which no one could have been successful. In the same way, if failure is a result of the situation then not only may its potential to change the learning model for an individual disappear, but further the opportunity for any learning may dramatically decrease. If an individual attributes failure to the situation, then they may take nothing away from the experience. In its most extreme form, failure could lead to worse subsequent performance since an individual could explain away the failure and glean the wrong, misleading lessons from the prior experience.
On the other hand, when evaluating the failures of others, there is an increased possibility for learning. Since an individual is likely to believe that the other person is responsible for the failure because of his ability and actions thus making biased attributions that do not account enough for the influence of the situation, this creates the possibility for better learning as compared to success. Self-enhancement motives also play a role in the way people interpret others' failures. Since people want to see themselves as capable and successful, and they look for information that is consistent with such self-views (Sedikides 1993; Dunning 1999) , they are likely to pay attention to others' failures and attempt to understand them so that they can avoid failing in the same ways. Thus, the individual's motivation to self-enhance is likely to raise the salience of others' failures so that one can assure that he will not make the same mistakes and suffer from a negative evaluation as a result.
Together these arguments lead to two hypotheses about how individuals learn directly from their own prior experience and indirectly from the experience of others. First, we predict that individuals will learn more from their own success, as compared to their own failure. Second, we predict that individuals will learn more from the failures of others than from the successes of others. Thus, we hypothesize:
The prior successes of an individual have a greater effect on an individual's current performance than do the individuals' prior failures.
HYPOTHESIS 2:
The prior failures of other workers have a greater effect on an individual's current performance than do the prior successes of others.
As our first hypothesis suggests, attribution theory leads us to predict that individuals will learn less from their own failures than they do their own successes. What conditions can help to counteract this effect and, in so doing, increase the learning rate after an individual's own failure? To address this question, we first consider the role of an individual's prior successes. We suggest that individual success may create the conditions for an individual to learn more from individual failure. In general, one of the reasons why people tend to attribute their own failures to external rather than internal factors is that failures constitute a potential threat to their abilities and positive self-concept. When people have gained successful experience, this perceived threat is likely to disappear. As a result, people are less likely to be self-serving in their attributions and thus less likely to attribute failure to external factors. Consistent with these arguments, Campbell and Sedikides (1999) found that when people experience little self-threat, they are less likely to make self-serving attributions.
In addition to reducing the possibility that an individual will make self-serving attributions, past successful experience may also provide the individual with information to better interpret failures. As an individual gains successful experience, she begins to understand how to complete a task and how the different components of the task fit together (Bohn 2005; Bohn and Lapré 2011) . This underlying causal knowledge may increase the learning rate from individual failure experience. First, when an individual understands a given context she is more likely to recognize a failure for what it is -a gap in existing knowledge or practice. With a better comprehension of how things are supposed to work, then it is more difficult to blame the outcome on the situation (Moore et al. 2010) . Not only may prior successful experience increase the likelihood of recognizing a failure as an individual responsibility, thus creating the motivation to improve, but prior successful experience may also help the individual to use such knowledge more effectively. After a failure an individual may look for information in different places.
Prior successful experience can serve as a guide for possible places to look, or not to look (Fleming and Finally, we consider how the failures of others may affect an individual's ability to learn from the individual's own failure. Research has found that salient, distinctive, and visible information facilitates the attribution process since such information more easily captures attention (Heider 1958; Taylor and Fiske 1978) . Since they are negative events, failures are more vivid and more salient than successes (Baumeister et al. 2001) . Thus, others' failures are likely to influence one's own learning. Specifically, we
propose that the failures of others are likely to improve an individuals' ability to learn from personal failure for two main reasons. First, when others fail it changes the dynamics for how people internalize their own failure (Wood and Bandura 1989) . In fact, observing others fail (especially when these others are perceived as similar) can lead people to believe that they lack the competencies to succeed, which can then trigger a process of reflection to identify new ways to approach problems. Failure threatens one's own perceived abilities; thus, seeing others fail is likely to increase individuals' willingness to search for ways to improve in order to avoid failure observed in others. Furthermore, if an individual is surrounded by others who do not fail then she may be less likely to accept that her own failure was a result of her action, rather than a result of the situation. When an individual sees that others fail (and interprets those failures to be a result of the others' actions and abilities), then the individual may be more willing to accept responsibility for the personal failure and thus create the possibility for learning. This heightened willingness to accept failure is similar to the construct of psychological safety within teams (Edmondson 1999) . In psychologically safe teams, individuals are willing to take risks as they know that it will not be held against them and the possibility of failure is accepted within the team. Similarly, in the case of learning from others' failure, individuals are willing to own up to their own actions rather than blaming the situation since failure is a possibility.
The second reason that others' failures may improve individual learning from one's own failure is that the failure of others creates an organizational knowledge resource that the individual can draw upon 
Setting, Data and Empirical Strategy

Setting
Cardiac care is a high-volume and high-revenue service sector, accounting for one-third of the entire patient volume in the U.S. and over a third of all Medicare spending (AHA 2008). In particular, coronary artery disease, which is a clinical condition in which plaque builds up in the arteries that supply oxygenated blood to the heart muscle (or the myocardium), affects millions of individuals. Left untreated, this condition can lead to adverse physiological function, angina (a chest discomfort) and even a heart attack. Congestive artery disease is the leading cause of death for men and women in the US (AHA 2008).
One of the most common clinical solutions to deal with congestive artery disease is to bypass the blocked vessels using another donor vessel. This procedure, known as coronary artery bypass grafting (CABG) was developed in the late sixties, and has helped millions of patients. Coronary artery bypass grafting is an invasive procedure, requiring the heart to be stopped while the cardiothoracic surgeon performs the grafting procedure. Once the vessels have been sutured into place, the heart is then restarted.
The process of stopping and restarting he heart has been shown to adversely impact patient health.
Patient undergoing a CABG have been shown to have an elevated risk of depression and overall physiological functioning, in addition to increased risk of neurological complications such as stroke (Roach et al. 1996; Puskas et al. 1998 ).
An innovative new CABG procedure known as off-pump (or minimally invasive) CABG was developed in the late 1990s that allowed surgeons to operate on the heart without having to stop and restart it. This procedure called for process level changes (in particular, having to handle and make incisions on the beating heart) and increased surgical skill and dexterity. Specifically, surgeons would have to extensively study and learn this new procedure before practicing it.
In this paper, we examine the learning curve for surgeons who perform this class of minimally invasive cardiac procedures. We chose this setting for several reasons. First, learning is a key driver of surgeon success. Specifically, we are able to examine clinical outcomes (success or failure) based on the cumulative volume of minimally invasive procedures performed by the surgeon. Second, there exists a significant body of medical literature that has examined the clinical drivers of success in cardiac surgery.
We can draw on this prior work to generate more accurate "risk-adjusted" measures of outcomes. We also draw on a growing management literature (e.g., Pisano et al. 2001; Huckman 2003; KC and Staats 2012) that have examined CABG. Third, we are able to collect data from early on in the process, when the greatest learning likely occurs. The most significant of these minimally invasive procedures were introduced in 1998 (Gardner 2001) . We observe individual learning every month beginning in October 1999 for a period of 120 months, and therefore our data set is comprehensive enough to accurately trace out the learning curves for the surgeons in our sample. 
Data
Our data set includes information on all of the minimally invasive cardiac procedures performed in
Massachusetts from October 1999 to September 2009. This includes information about 6,570 minimally invasive procedures performed by 71 cardiac surgeons over the 10-year period. 54 of the patient encounters had incomplete observations and missing covariates, which yield a total of 6516 observations that we use in our analysis. Our outcome variable or quality measure is the in-hospital postoperative mortality rate, which is the most commonly used metric for benchmarking the performance of surgeons and institutions that perform cardiac surgery. Several patient-level factors have been shown to impact surgical outcomes, such as demographic variables such as age, gender, and race. Pre-existing risk factors such as incidence of diabetes and poor functioning bodily organs, are also known to significantly determine outcomes (Nashef et al. 2002) . These risks pose various challenges for the surgeon and delivery of care and impact clinical outcomes. In order to account for these risks, we include these patient-level factors in our analysis. We find that the average age of a patient undergoing a minimally invasive cardiac procedure is around 67 years (standard deviation 11.2). The vast majority of patients have at least one significant accompanying clinical risk (e.g., cerebrovascular disease, neurologic or pulmonary risk, diabetes).
Our analysis focuses on estimating learning from failure and successful experience. Since individual surgeon-level heterogeneity, such as reputation and training, could significantly impact performance, we include the encrypted surgeon identifier and the unique patient-surgeon pairs in our analysis. Specifically, we observe the patient controls, the specific surgeon who operated on the patients, the level of experience the surgeons had accumulated by the time they performed the surgery, and the outcome of the surgery.
In general, accurately estimating an individual worker's learning and its impact on productivity are challenging for two reasons. First, perfecting a highly specialized task like a minimally invasive surgical procedure takes years. Since learning occurs over a long time horizon, an accurate estimation of individual learning curves often calls for a long panel of observations. Second, one ideally would want to estimate learning curves early in the process, when the greatest learning is likely to occur. In other words, data collection ideally has to start at the beginning of the learning curve, when the surgeon first starts to perform the procedure. Our comprehensive data set allows us to overcome both of these challenges; we not only observe surgeon learning over a lengthy ten-year period, but also begin the observations close to the introduction of the procedure into the marketplace. Because we include the surgeon identifier in our analysis, our estimates examine the effect of cumulative volume at the individual surgeon level. We also observe the hospitals where each surgeon practices. This allows us to generate a list of surgeons who practiced at the same hospital as a given surgeon, and to ultimately examine the cumulative successes and failures of the other surgeons in the same hospital as the given surgeon.
Empirical Strategy
In the discussions below, the subscript s denotes the surgeon, i denotes the patient, and t denotes time.
The key outcome variable in our analyses, MORT ist = 1 if patient i, who underwent a minimally invasive cardiac procedure performed by surgeon s at time t, died, and 0 otherwise. Multivariate logistic regression is widely used to model such binary outcomes in cardiac surgery (Nashef et al. 2002 between the beginning of our study period (t 0 ) and time t, and 0 otherwise. Also, SUCC it = 1 if the minimally invasive procedure performed on patient i at time t was successful, and = 1 otherwise.
E SUCCst and E FAILst are thus the cumulative volumes of successes and failures for surgeon s at time t,
respectively. Similarly, we define E FAIL_OTHERSst and E SUCC_OTHERSst to be the cumulative failures and successes of the other cardiac surgeons who work in the same hospital as surgeon s.
To explore the impact of individual failures and successes, and those of others, we employ the following empirical specification. 2 We use counts of our experience variables, rather than their logs for two reasons. First, the log-linear learning curve model is derived from theory, and supported empirically while the log-log learning curve model is just from empirical results (Levy 1965; Lapré, Mukherjee, and Wassenhove 2000) . Second, if experience has been gained prior to the start of the dataset then the log-log learning curve model will yield biased coefficients (Lapré and and β 4 capture the effect of learning from the failure or success of a co-worker in reducing the likelihood of risk-adjusted mortality for patient i at time t. A larger negative value for β 1 compared to β 2 would provide support for hypothesis H1. Similarly, a larger negative value for β 4 compared to β 3 would provide support for hypothesis H2. We note that the above specification follows a long line of research in cardiac risk stratification that link patient risk variables to outcomes using a logistic regression (see also, Parsonnet, Dean, and Bernstein 1989; Higgins et al. 1992; Nashef et al. 2002) . We augment this prior work to examine the effect of cumulative individual failures and successes as well as those of others.
We next consider the interaction effects that we hypothesized earlier. Finally, for completeness, we use the empirical specification reported above, but include also the interaction effect of individual successes and others' successes: γ 3 E SUCCst x E SUCC_OTHERSst Attribution theory would not lead us to a particular prediction for this coefficient. In this model, γ 3 captures the effect of a possible synergy (or lack thereof) between individual successes and others' successes. If individuals are more likely to learn from collective successes, we would find a negative coefficient for the interaction (γ 3 < 0); if the collective successes of others do not have such synergistic effects, then we would find a non-significant effect.
Results
Our first hypothesis predicted that an individual's prior success would have a greater positive effect on the individual's performance than her prior failure. Note that as our dependent variable is patient mortality a negative coefficient is related to lower predicted mortality and therefore positive performance.
To test our first hypothesis, we examined the impact of one's own prior successes and failures on individual learning. As shown in Table 2 Finally, for completeness, we also consider the interaction effect of individual successes and the successes of others even if we did not develop a specific hypothesis about the nature of this interaction.
As shown in Model 3 of Table 3 , we do not find a statistically significant effect for this interaction term.
Thus, it appears that an individual's prior successes and the prior successes of others do not have a complementary effect on one's own learning.
In order to rule out the possibility of patient selection as a possible driver of our results, we examined the correlation between patient pre-operative risk and the failures of individual surgeons. The pre-operative risk was obtained by using the patient and procedural risk factors to predict the mortality rate. We find a lack of statistically significant correlation between the pre-operative mortality risk and the previous failures for a given surgeon (p = 0.419), which rules out the possibility of a statistically significant effect of patient selection or matching. As an additional check of robustness, we estimate the cumulative successes and failures of surgeons at other hospitals. We then include these newly constructed measures in our empirical specification. We find that the failures and successes at other hospitals do not have a statistically significant effect on a surgeon's learning. This rules out the possibility of other industry or technology related confounders for our estimates.
Discussion and Conclusion
Discussion of Results
Research on organizational learning notes that prior experience with success and failure may change an organization's motivation to learn as well as the knowledge acquired that enables learning (Chuang and Baum 2003; Baum and Dahlin 2007; Madsen and Desai 2010) . This rationale suggests that failure will prove more consequential for learning than will success (Sitkin 1992; Cannon and Edmondson 2005) . However, attribution theory in psychology (Ross and Nisbett 1991; Gilbert and Malone 1995) suggests that when considering learning from success and failure at the individual level, the story may be more nuanced.
In this paper we examined how individuals learn directly from their own past experience, and indirectly from the past experience of others. Drawing on attribution theory, we proposed that individuals systematically misattribute the causes of their own and others' successes and failures. Specifically, when it comes to interpreting their own prior experience, they will tend to make self-serving attributions about their own successes, believing that they are primarily the results of their abilities and actions. At the same time, they will tend to attribute their failures to external factors, believing they were caused by something outside of their control. This reasoning leads to our hypothesis that individuals will learn more from their own prior successes than they will from their own prior failures. Our analysis using data from over 6,500
minimally invasive cardiac surgeries conducted by seventy-one surgeons supports this hypothesis. Not only does individual prior success have a greater positive impact on learning than does individual prior failure, but individual prior failure has a negative relationship with performance (controlling for initial skills and talent).
We proposed that the attributions people make are just the opposite when they analyze the prior experience of others. In this case, people attribute others' failures to internal causes and others' successes to external factors. Consistent with the predictions from attribution theory, we find that the prior failures of other surgeons have a greater effect on the surgeon's learning than do the prior successes of other surgeons. Together with the results about the effects of an individual's prior experience, these findings indicate that individuals learn the most from their own successes and the failures of others possibly because in both cases they attribute the outcomes to internal rather than external factors.
In addition to considering the main effects of success and failure for oneself and others we also examine how individuals can overcome their inability (or unwillingness) to learn from their failures. We experience is that such experience constitutes a potential threat to one's abilities and positive self-concept.
With greater prior successful experience an individual may perceive failure as less threatening to their abilities and sense of worth, and therefore gain the potential to learn from such failure (c.f., Campbell and Sedikides 1999) . Additionally, with a greater amount of prior successful experience an individual may have better information with which to interpret and learn from the failure.
Similarly, the interaction of an individual's failure and the prior failures of others has a positive relationship with performance. We suggested that observing others' fail is likely to change the way people think about their own failures. Seeing failures in others makes failure not only more acceptable, but it also makes one's own failure less threatening to one's own identity. In addition, the failure of others provides valuable knowledge that can be used for ongoing problem solving. Thus, both one's own prior successes and the failures of others render one's own failures less threatening to one's own sense of competence and provide a the right terrain to overcome the failure to learn from one's own failures.
Theoretical Contributions and Managerial Implications
Our research makes several theoretical contributions to research in operations management, organizational learning, and health care. First, as work grows increasingly fragmented -more specialized and divided into smaller tasks, the role of individuals in understanding organizational learning increases in importance (Argote and Miron-Spektor 2011; Malone et al. 2011; Staats and Gino 2012) . By focusing the attention on individuals, we gain a more nuanced understanding of how success and failure influence performance in organizations. While prior work has examined the impact of these two types of experiences at the organizational level, we bring the study down to the level of an individual. In doing so, we find that the effects of success and failure on organizational learning (Madsen and Desai 2010) follow a different pattern at the individual level. By drawing on attribution theory, we hypothesize and find that individuals learn more from their own success than from the success of others rather than the opposite.
Second, our research contributes to work on vicarious learning by studying how individuals learn from the success and failure of others within their organization (i.e., hospital). Consistent with attribution theory, we find that the failure of others has a greater positive effect on individual performance than does others' successful experience. Third, we examine how one's own prior experience and the experience of others can alter the failure to learn from failure. Our results show that certain types of experience help to counteract individuals' errors of attribution and thus make them more open to learning from their failures.
Together, our results advance our understanding of individual learning by drawing on research in psychology on attribution theory.
Our research has implications for healthcare and organizations more generally. Recent studies suggest that despite the increased focus on medical errors and investigation, hospitals are not getting safer (Landrigan et al. 2010 ). While we cannot draw a causal connection from our results to this finding, by improving individuals' ability to learn from prior experience it may be possible to also improve future outcomes. Given that performance in healthcare is quite literally a matter of life and death, it is important for individuals to learn from both their successes and failures. Existing inquiry boards and the potential for legal liability may complicate the ability of an individual to learn from his own failures, and it thus even more important for organizations to find ways to help individuals learn from their own mistakes.
While existing systems may help others to learn from an individual's failure, it seems necessary to design systems that help an individual to learn from his own failure (Edmondson 1996; Edmondson 1999) .
Our results also show that the past experiences of oneself and others may contribute to one's own attempts to improve. Organizations may need to find other ways to make their members feel capable and interpret failures in ways that do not threaten their self-image.
Limitations
Although our findings are robust to various empirical specifications, there are limitations that should be noted. Second, we focus our attention on one particular performance outcome, the quality of the surgery.
While this measure is commonly used in healthcare settings (e.g., Huckman and Pisano 2006; KC and Staats 2012) , and is clearly an important one given the stakes involved, future work could explore these relationships by using other outcome measures. For instance, using data from software projects one could use time of project completion and delivery compared to predetermined deadlines as the performance measure. Similarly, in service settings, one could use customer satisfaction as the outcome measure.
Third, the surgical process is not completed by only the surgeon. There are other individuals in the operating room providing assistance to the cardiothoracic surgeon. However, the cardiothoracic surgeon is responsible for executing the critical surgical processes on the heart. As is the case in other healthcare studies, we only have information about the surgeons, not the rest of the team (e.g., Novick and Stitt 1999; Reagans et al. 2005; Huckman and Pisano 2006) . Prior work notes that shared experience between team members can improve performance (Edmondson et al. 2003; Huckman, Staats, and Upton 2009; Huckman and Staats 2011) , and so an interesting future extension would be to explore how familiarity between team members affects our reported results.
Fourth, prior work suggests that the effects from attribution theory are stronger in more individualistic cultures as compared to more collective cultures -for example, Western cultures, as compared to Eastern cultures (Gilbert and Malone 1995) . Future work should seek to explore how learning from failure or success operate in different cultures.
Fifth, in our setting we are able to clearly distinguish between failures (i.e., the patient dies after surgery) and successes (i.e., the patient survives). However, there are other sub-categories of success and failure that warrant further study. One of them is "near misses," defined as an experience that was almost a failure, but ended up as a success. Prior research suggests that, as in the case of failures, organizations often fail to learn from near-misses (Dillon and Tinsley 2008) . While our data does not provide us with this information, future research examining when and how individual learn from near-misses in the field and in healthcare in particular would be valuable. A second subcategory is that of expected rather than unexpected failures and successes. For instance, in a healthcare context, expected failure may result from a complicated case that went wrong, while unexpected failure may result from an easy case that went wrong. Examining the consequences for individual learning of both expected and unexpected failures (as well as successes) could be valuable. The mortality rate in our data is 3%, which limits our ability to split the sample to distinguish between expected and unexpected failures, and draw valid statistical inferences.
It is possible that the effects of attribution theory would be heightened for an individual's own expected failure and weakened for unexpected failure. This is a possibility that future research could investigate in other contexts where expected and unexpected failures (or success) are equally likely. One such context could be sports, where teams often have information about the competitors they are about to play and can form expectations about their likelihood to beat them. An additional, related question for further examination involves the probability of success versus failure. In our setting success is more likely than failure. How might our results change if success was rare and failure was common (e.g., searching for a cure for cancer)?
Finally, another limitation is related to individual differences across surgeons. While we have anonymous surgeon identifiers in our dataset in order to control for individual-level fixed effects, it is possible that specific individual differences among surgeons could provide further explanatory power in our regressions. We do not have such information, but future work could examine whether factors such as gender or educational background have differential effects for the relationships we investigated in the paper.
Directions for Future Research
Each of the results we summarized above suggests interesting venues for further investigation.
For instance, the findings about the influence of one's own prior successes and failures on individual learning point to at least two areas that warrant further study regarding possible ways to increase learning from individual failure. First, future research could investigate how organizations or teams can encourage individuals to learn from their own failures (Sitkin 1992; Edmondson 2011) . By building a culture of psychological safety (Edmondson 1999) , organizations and teams alike can assure that members will be more willing and likely to take risks, but it is unclear whether such efforts can also increase members'
self-reflection and willingness to learn from their failures. Possibly, psychologically-safe environments may also reduce members' self-enhancement motives and positive self-views (Taylor and Brown 1988; Dunning 1999) in the face of their own failures. Future studies examining these possibilities would further our understanding of how individuals can effectively learn from their own failures. Second, future
work could examine what individual characteristics or feelings may influence (and possibly reduce) the effects of one's own success on performance that we observed. Experiencing success may lead individuals to experience feelings of power or control, and, as a result, also overconfidence (e.g., Tost, Gino, and Larrick 2012) . Overconfidence may blind individuals from asking questions related to why they obtained the results they achieved (Gino and Pisano 2011) and could also lead them to discount their own failures. As a result, both factors may prevent them from learning.
The findings regarding the effects of the prior experience of others on one's own learning also raise a number of questions that warrant additional exploration. Attribution theory predicts that people will be more likely to learn from others' failures rather than others' successes, since they will focus on the actions and abilities of others as the main cause of failure. This faulty attribution may create unintended side effects in the case in which individuals are members of a team or of an organization. Interpreting one's own failures as caused by situational factors while attributing other members' failures to their abilities may raise conflict and thus lead to decreases in both knowledge sharing among members and knowledge integration. In turn, these factors are likely to negatively impact future team performance (e.g., Gardner, Gino, and Staats 2012) . Additionally, our results raise the possibility that individuals may fail to learn as much as they can from the successes of others (Gino and Pisano 2011) . If an individual writes off the success of other members as a function of the situation ("anyone could have done it"), then they waste a valuable opportunity to learn. Examining environments where individuals in the team or organization treat the successes and failures of others as equally important sources of information and knowledge could be an area of further research.
Finally, the findings regarding how an individual's own successes as well as the failures of others can help people overcome their inability to learn from failure also point to venues for further work that -22 -examines in more details how exactly these mechanisms might work. We suggested that both types of experience reduce the potential that individuals will find their failures threatening. However, our data did not allow us to examine the emotional and psychological consequences of experiencing failure, nor how such experience may differ when one reflects on past successes or past failures of others. Understanding the micro-mechanism behind these effects through controlled laboratory studies may further advance our understanding of how individuals can internalize their failures and effectively learn from them.
Our hope is that our findings will inspire future research on these questions as well as related others. By using a variety of empirical approaches, including laboratory and field experiments as well as qualitative work, future investigations can help to shed further light on the drivers of individual learning. 
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